A hallmark of Huntington's disease is the presence of intracellular aggregates of mutant huntingtin, the pathological significance of which has long been debated. Using cryo-electron tomography, Bauerlein et al. reveal the fibrillary structure of huntingtin aggregates in situ and show that huntingtin fibrils interact with the endoplasmic reticulum, distorting its morphology and dynamics.
Huntington's disease (HD) is the most common dominantly inherited neurological disorder and is characterized by uncoordinated body movement, cognitive dysfunction, psychiatric impairment, and premature death. HD is caused by an expanded CAG trinucleotide repeat sequence encoding a polyglutamine (polyQ) expansion within the huntingtin gene (HTT), resulting in a pathogenic polyQ stretch R36Q residues. Mutant huntingtin (Htt) is prone to aggregate, forming oligomers as well as large insoluble inclusion bodies (IBs) within neurons. Htt is known to interact with >700 proteins (Shirasaki et al., 2012) and is implicated in multiple cellular processes (Saudou and Humbert, 2016) . At the cellular level, abnormal polyQ expansion results in a broad phenotype that includes transcription dysregulation (Kumar et al., 2014) , mitochondrial dysfunction (Guedes-Dias et al., 2016) , and defects in intracellular transport (Fu and Holzbaur, 2014) .
Intracellular IBs of mutant Htt are a pathological hallmark of HD and were thought to be the main cytotoxic agent in HD. This idea was challenged in a seminal study showing that IB formation in neurons was associated with increased neuronal survival by decreasing levels of soluble mutant Htt (Arrasate et al., 2004 ing a fragment of Htt that includes a pathogenic polyQ stretch, and they address some of these questions.
Solving the ultrastructure of macromolecular complexes in situ is technically challenging. Standard fixation can disrupt cellular morphology, imaging resolution decreases with sample thickness, and mechanical sectioning can induce distortion artifacts. Further, it can be difficult to locate structures of interest within the cell, and significant computational power is required to generate high-resolution 3D models. Recent advancements in cryo-ET have overcome many of the hurdles involved, enabling groundbreaking visualizations of macromolecular complexes in the unperturbed cellular environment (reviewed in Oikonomou and Jensen, 2017) .
Bä uerlein et al. expressed a fluorescently labeled N-terminal fragment of Htt encoding exon 1 that includes a pathological polyQ stretch of 97Q in primary neurons and HeLa cells cultured on holey carbon electron microscopy (EM) grids. Correlative light microscopy was used to map fluorescent IBs within cells prior to EM. Focused gallium ion beams were used to generate 150 to 250 nm-thick sections with high precision, free of distortion artifacts associated with cryosectioning, and images were then acquired in a tilt series to generate a high-resolution tomogram.
In the resulting tomograms, spherical Htt97Q IBs in the cytosol and nucleus were found to be composed of a network of radially arranged amyloid-like fibers. The mechanical proprieties of these fibrils, including persistence length (stiffness) and Young's modulus (tensile elasticity), were similar to those of Tau fibrils, a pathological hallmark of Alzheimer's disease. Although the fibril network appears quite dense, Htt97Q fibrils occupied 3% of the volume-possibly a consequence of the elevated stiffness that these fibrils show, as radius of gyration increases with polymer stiffness.
Strikingly, interactions were observed between fibrils at the periphery of IBs and organelles, including the endoplasmic reticulum (ER; Figure 1 ). Vesicles with irregular shapes and significant membrane curvature were found lodged within IBs. The authors speculate that these vesicles result from the disruptive effect of direct interactions of IBs with the ER membrane. Previous studies in HD cell models reported that ER stress was reduced once Htt oligomers aggregated to form an IB, suggesting a protective role for IB formation (Leitman et al., 2013) . However, the observations of Bä uerlein et al. suggest that IBs formed from pathogenic Htt alter ER morphology through fibril-membrane interactions that induce remarkably high levels of curvature. These contacts locally disrupt ER dynamics and may negatively affect ER function and induce ER stress. Further work is required to determine the specificity of the observed interactions between Htt fibrils and the ER membrane, but these data support the hypothesis that IB formation may also contribute to, rather than ameliorate, the cytopathology of HD.
One limitation of the current study is that it relies on an overexpression paradigm and only investigates the consequences of expressing a truncated form of Htt that includes the first 17 amino acid residues followed by the polyQ chain. Endogenous Htt is a 3,144 amino acid residue protein, predicted to fold into multiple solenoid-like structures that scaffold intermolecular interactions for several protein complexes (Saudou and Humbert, 2016) . In knockin mouse models and human HD patient samples, N-terminal fragments of Htt have been observed, potentially generated by aberrant splicing or proteolytic cleavage (Bates et al., 2015) . However, it remains unknown whether IBs from HD patients include both full-length and N-terminal fragments of Htt and whether IB composition modifies the formation kinetics and biophysical proprieties of IBs and/or the resulting cytopathology. Further, the polyQ stretches used in this study (64Q and 97Q) are significantly longer than the expanded stretches associated with typical adult-onset HD. Therefore, future studies will be required to demonstrate the relevance of these findings to IB formation in HD patients.
An interesting observation from the work of Bä uerlein et al. is that, while the ultrastructure of nuclear IBs resembles that of cytosolic IBs, nuclear IBs do not contain vesicles nor contact the inner nuclear membrane. Live-cell super-resolution imaging studies have shown that chromatin is excluded from nuclear Htt94Q aggregates and that transcriptional dysregulation in HD stems from an increase in non-specific sampling by transcription factors before they reach cognate target sites due to the presence of large Htt aggregates (Li et al., 2016) . In agreement with these findings, chromatin was not found to be trapped within nuclear IBs.
By taking advantage of the latest advancements in cryo-ET technology, Bä uerlein et al. reveal the fibrillary structure of mutant Htt IBs in situ and provide compelling evidence for a pathogenic role of IBs in HD by showing that fibrilmembrane interactions can significantly disrupt both the organization and the dynamics of the ER. The potential of cryo-ET to solve the structure of macromolecular complexes in their native environment is extraordinary. By unveiling the molecular conformation of pathological Htt IBs and their interactions with cellular membranes, this study not only contributes to elucidating HD pathology, but also opens the door to the application of cryo-ET to investigate intracellular aggregates in other neurodegenerative disorders, including Alzheimer's and Parkinson's diseases. 
